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(54) Electrically conductive paste and glass substrate having a circuit thereon 

(STi A fead-free electrically conductive paste which glass frit, and a vehicle, wherein B-Bi-0 or B-Sij3i-0 

r^lTJ^SLn* has eoccSU wetta- glass fnt is used as the glass frit A « « 

^^7!m^bmZ\ as a glass substrate having a a glass substrate by use of the 

ffl^ anlutomobile window hav- ■ paste, to thereby provide an automobHe w.ndow having 

ing an antitogging property: The electrically conductive an antifogging property, 
.paste comprises an electrically conductive component. 
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Description 

BACKGROUND OF THE INVENTION BEST AVAILABLE COPY 

5 Field of fre Invention 

tOOOl] The present invention raatesto an eleCric^yconduc^ £«. tarjminj "^.J jj£ 

Ltrate such as a glass substrate, and more particular, to an f^^^^^^ en JK referred to as 

example, an automobile window having an antifoggmg property. 
BacKground Art 

lwm Cornell* an SrvPb eutectic solder ha* ^t-^T^ " * " ^ 

Lai to a thick lilm electrode which is formed by ^^^f^S Staining no toxic lead. i.e.. a 
[0003] .n recent years, concern ^^^^^^^^^^ 
lead-free solder, has been gradually replacing ^ corwenhonatly employed I so»e component and at least one metal 
cally, there is widely employed a lead-free solder oomp^ng Sn as a pnmary compo 
so selected from a group consisting of Bi, Ag. Zn; loand | Sb. terminal is to be established by use of a lead- 

[0004] However, when electric connecbonof a corrfuctoraix*. asa leaa ter m ina insuff i cient . resulting in poor 

ree solder, hast resistance, and wettabTity of ^^^^^^^^Z^o^te glass frit con- 
f—» terms of e-ectric connection ^fP^TJ^l'Z^^l be fired at a tow temperature that 



10 



16 



25 



30 



35 



reliability in terms of elactric connection. This P^* m ' s ^ ^ De fired at a tow temperature that 
talned in an electrically conductive paste which is used so as to enable tne pasie w 
allows use ol a glass substrate ^„ ti(lrt „ fl _ e i ec trically conductive paste, the glass frit itseW. like a 

SUMMArT/ OF THE INVENTION ' 
an ele^lycor*uctive pasted 

hoat reetetance. and wettability with r ^ to * '^^^ an antifogging property 

also provide a glass sifcstrate having a circurt thereon, used tor an automcwe w, 

particular have constructed an electrode through W^^ndtetang ^^^^ ^^e against a soC- 
g^tedtherelattorrcNpr^een^ 

dor or wettability of the solder with respect to '^r^ul inventors have found that use of a B-K-O 

prising an electrically conductive component B-a-O 9^H a f a ^* ^ ^ to solder of an electrode 
foOuS By enjoyment of B-BI-O^JrH. heat -^^^l^oTenhanced during soldering by 
formed by applying and baking an electrically conduct** paste confirm .y 

us© of a lead-free solder. a . . 10 0 « 0 0 mo l% and Bi 2 0 3 in an amount erf 40,0-90.0 

[0010] Prefembly. the glass frit comprises BgO, in an amount of 10,0-60.0 mo.*ana z 

mol%. ' -iz K-i** racifitsince and wettability with reepect to sol- 

enhanced during soldering by use ^lead-free sdden ^ m ol%and B^Oa In an amount ot 7t .0- 

I0 01 23 More preferably, the glass frit compnsesB 2 0 3 in an amoum or 

90.0 mol%. a w*maniioned more preferred composition, heat resistance, and 

10013] By employment of a glass ™ d caking an electrically conductive paste con- 

wettability with respect to solder of an electrode fermed ^J^" a h ^„ ^ a T e ad-free solder. 
Sng the frit to a soWer can be further enhanced ^^^Z eSSaUy conductive paste comprising an 
[00141 In a second aspect of the present invenbon. there provided an e.ecinca. 
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electrically conductive component, B-Si-Bi-O glass frit, and a vehicle. 

[0015] By employment of B«Si'Bi-0 glass frit, heal resistance, and wettability with respect to solder of an electrode 
formed by applying and baking an electrically conductive paste containing the frit can be enhanced during soldering by 
use of a lead-free solder. 

s [0016] In the electrically conductive paste according to the second aspect of the invention, the glass frft preferably 
comprises B2O3 in an amount of 10.0-60.0 mol%, SlOg in an amount of 50.0 mol% or less (excluding 0 mor%), and 
8i 2 03 in an amount of 4O.0-90-O mof%. 

[001 71 By employment of a glass frit having the above composition, heat resistance, and wettability with respect to 
solder of an electrode formed by applying and baking an electrically conductive paste containing the frit can assuredly 
10 be enhanced during soldering by use of a lead-free solder. 

[001 8] In the electrically conductive paste according to the second aspect of the invention, the glass frit more prefer- 
ably comprises B2O3 in an amount of 10.0-29.0 mol%, Si0 2 »n an amount of 10.0 mol%orless (excluding 0 mof%),and 
Bi 2 0 3 in an amount of 71 .0-90.0 mol%. 

[001 9] By employment of a glass frit having the above more preferred composition, heat resistance, and wettability 
15 with respect to solder of an electrode formed by applying and baking an electrically conductfve pasts containing the frit 
can be enhanced during soldering by use of a lead-free solder, 

[0020] Preferably. In the electrically conductive paste containing an electrically conductive component, the component 
predominantly comprises (a) Ag or (b) a combination of Ag and at least one metal selected from a group consisting of 
Cu, Pd.andPt 

#0 [0021 ] By employment of such an electrically conductive component, there can be obtained an electrically conductive 
paste which can assuredly form an electrode having sufficient electric conductivity. 

[0022] The electrically conductive pastB may further contain Ni or CuO so as to adjust electrical resistance of the 
pasta. 

[0023] By addition of Ni or CuO, the electrical resistance of the paste is controlled to thereby obtain an electrically 
25 conductive paste having a desired characteristic, making the present invention even more useful. 

[0024] In a third aspect of the present invention, the above described electrically conductive paste is used to form an 
electric conductor by baking thereof, and soldering by a lead-free solder is performed to the electric conductor. 
[002$] By the above electric conductor, sufficient wettability of the electrode with respect to the solder can be pro- 
vided. 

30 [0026] Thus, an electrode or a conductor can be formed on a substrate such as a glass substrate by use of an elec- 
trically conductive paste containing lead-free glass frit, and an electric conductor such as a lead terminal can assuredly 
be connected to the electrode or conductor by use of a lead-free solder. 

[0027] In a fourth aspect of the present invention, there is provided a glass substrate having a circuit thereon, wherein 
the circuit is formed through application of the electrically conductive paste on a glass substrate, and baking. 
35 [0028] The glass substrate having a circuit thereon exhibits excellent bonding strength between the glass substrate 
and the circuit and sufficient reliability. 

[0029I In a fifth aspect of the present invention, there is provided a method tor producing an automobile window hav- 
ing an arttifogging property comprising the steps of applying the electrically conductive paste on a glass substrata and 
baking, 

40 [0030] The method can provide ant' ^togging glass which is useful as an automobile window and which has excellent 
properties, including enhanced adhesion between the circuit and the glass substrate, high quality, and high reliability. 

BRIEF DESCRIPTION OF THE DRAWING 

as [0031 ] Various other objects, features, and many of the attendant advantages of the present invention will be readily 
appreciated as the same becomes better understood with reference to the following detailed description of the preferred 
embodiments when considered in connection with an accompanying drawing, in which: 



FIG. 1 is a ternary compositional diagram of glass frit samples in Examples of the present invention. 
DESCRIPTION OF PREFERRED EMBODIMENTS 

[0032] Various modes of the present invention will next be described in detail by way of examples so as to facilitate 
understanding of features of the invention. 

Production of ola ssJrft 

[0033] Glass frit samples were produced by the following procedure. 
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[0 034, darting mate^^ 

to attain the compositional proportions shown in Table 1 . Each of the resultant mixtures was placed 
cible. fused at 1200*C. and cooled immediately for vitrification. 

I0 035] The resultant ojass was crushed with zirconia balls or like means, to thereby obtain glass frit 

Table 1 



10 



J5 



20 



30 



35 



AD 



45 



50 



65 



Sample No. 


Composition of glass frit 






B 2 0 3 




Bi2C>3 


PbO 


*1 


17 


39 


12 


32 


2 


10 


0 


90 


0 


3 


19 


0 


81 


0 


4 


10 


10 


80 


0 


5 


19 


10 


71 


0 


6 


25 


11 


64 


0 


7 


40 


0 


60 
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10 


30 


60 
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40 


I 10 


so 
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10 


21 


30 


49 


0 


11 . - 


60 


0. 


40 


0 


12 


10 


50 


40 


0 


*13 


5 


2 


93 


0 


~14 


5 


45 


50 


0 


*15 


71 


1 


28 


0 


*16 


47 


28 


25 


0 


"17 


7 


61 


32 


1 


( Samples m< 
. scope of the 


arked with asterisk O ™ <*™ae OTe 
present invention) 



* =^ m, n™,ri W M wt%1 CuO powder (1 wt-%). ana an organs v C ...~= 
10036] Glass frit (3 wt%). Ag powder (76 «*.%>. ™ P™*^ < 122S£r t^ruHeby p-oduce an electrically conduc- 
ri 9 w» Were mixed, then kneaded and d<spereed with a three-roll kne^er^m««uy w 
^S2l.TceS resin (8 wt%) dlssCvad in terplneo. was used J^SJ^SJ re8tetance . 

Uri <» «• Nl ^ CU ° "^S? £ SSETdSSS S^e^PPRad. by way of printing, to 

00381 The electrically conduct^ 

a surface of a slide glass substrate (^f^^^^t^^^on* at 150'Cfor 10 minutes, end baked 
tpterm a square shape (6 mm* 6 mm). The Striate ^^^f 6 
at 640«C for 1 minute (in-out 5 minutes), to thereby form an electrode. 



&, 3 |^tinn of Frt^'Vl characteristics 

[0039] The severability of the electa was ^SS^^I^a soJder bowl, end the buoy- 
SSJlT Vdflcany. the relation force (wetting force ; yaxls) ^^SSSS^^^^ 
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more excellent the wettability. The longer the "solder biting- start time fT1), the more excellent the ^res ^nce 
[0042] T^e results of the severability test of each semple as measured with respect to " Sn-Afl-B. solder are shown 
Ke 2 ariose with respect to an Sn-Ag-Cu solder ere shown in Table 3. In Tables 2 and 3. the data of Sample 
No. 1-fl represent the results of severability measurement using a Pb-Sn solder. 



Table 2 





Sample No. 


Wettability (250 ft C) (Sol- ! 
der: Sn-Ag-Bf) 


Heat resistance (290 D C) I 
{Solder: Sn-Ag-Bi) | 


10 




TO (e) 


T1Cs) j 




M-a 


1.5 


4,8 JJ 




v 1 


3,5 


3.5 j 


15 


2 


0.8 


5.0 !j 




3 i 


1.0 


6.5 | 




4 


1.2 


6.7 j 




5 


1.1 


6.3 . J 


20 


6 


1.4 


57 J 




7 


1.3 


51 




8 


1.9 


4.7 


25 




1.5 


5.8 | 




10 


2.5 


5.5 ' j 




11 


2.0 


4.9 j 




12 


2.8 


5.1 j 


SO \ 


*13 


1.5 


3.8 i 




M4 


3.5 


4.1- j 




M5 


30 


3.1 J 




. *16 


4.0 


3.5 j 




•17 


3.7 


3-6 _J 




(Samples marker 
invention) 
(*1-a: Results of 


wrth asterisk (*) fan outside the scope of the presem 
evaluation when Sn-Pb solder was i*ed ) _] 
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Table 3 






Sample No. 


Wettability (250°C) (Sol- 
der: Sn-Ag-Cu) 


Heal resistance (290*C) 
(Sofdef : Sri-Ag-Cu) 


SO 




~T T0(S) 


T1(s) 




1.5 


4.8 




"1 


3.2 


3.8 




2 


" ^ 1.1 


5.2 


5$ 


3 


03 


6.2 




4 


1.0 


r 6.6 
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Wettability (250*C) (Sol- 
der: Sn-Ag-Cu} 


Heat resistance (290°C) 
(Solder: Sn-Ag-Cu) 




T0(s) 


T1 (s) 


5 


1.1 


6.0 


6 


1.5 


5-9 I 


7 


1.4 


5-3 


8 


20 


5.0 


9 


1.6 


5.5 


10 


2.4 


5,5 


11 


1.9 


4.9 


r 1 9 


2.9 


5.8 


*13 


1.9 


^ 3.5 


-14 


3.5 


4.5 


*15 


2.8 


3.1 


"1 6 


3,7 


] 3.5 


•17 


3.5 


3-4 


(Samples mark* 

invention > 

( *i-a: Results oi 


d with asterisk (*) fell outside the scop* o! Hie pit^ui il 
f valuation when Sn-Pb solder was used) 



50 



scope of trie presentiroention. . n f1 q. 1 , black solid square marks labeled 

[00441 The composition of glass frit * '^SSltoS!^ of the present invention, and white square rnarte 
with numerals 2 to 12 represent samples which fall wrthm the eaopc m*w ip 

(abeled with numerals 13 to 1 7 represent ^'^ f ^med through use of an electrically conductive : 

lOfMeiWso, it was confirmed that an SSjSS ^entional products in terms of specie res«s- 

within the scope of the present trwwbcg ™^^"2^^, nl »^ga«ia. 

tivrty. bonding strength, and so forth although ££2S£^^*ae»^ conducive component However 

used as an electrically concJuelive component f case in which Nl powder and CuO powder 

Claims ... 
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60.0 mol% and Bi z 0 3 in an amount of 4O.0-90.0 mol%. 

An electrically conductive paste according to claim 1 . wherein the glass frit comprises B 2 O a in an amount of 10.0- 
29.0 mor% and Bi 2 0 3 in an amount of 71.0-90.0 mol%. 

An electrically conducive paste comprising an electrically conductive component and a B-Si-Bi-0 glass frrt. 

An electrically conductive paste according to claim 4. wherein the glass** comprises W^J^JwO 
60.0 mor%. Si0 2 in an amount of 50.0 mot% or less (excluding 0 mol%). and B. 2 Oj .n an amount of 40.0 90.0 
mol% 

6. An electrical conduce paste according to claim 4, wherein the glass -.m ^^.f^Z^^^o^O 
29.0 mor%. SiO z in an amount of 10.0 mol% or less (excluding D mol%), and B^Og ,n an amount of 71 .0-90.0 

moI%. 

7. An e.ectrica..y conductive paste according to any one of claims 1 through 6. ^herdn the electrically conductive 
component predominantly comprises 

S ^^ination of Ag and at least one metal selected from a group consisting of Cu. Pd. and I PI. 

8. An electrically conductive paste according to any one of daims 1 through 7. which further contains Mi or CuO so 
as to adjust electrical resistance of the paste. 

IS g. An electrically conductive paste according.to any one of ^' rns J ^I^rina^vCt^d-free srtdfti^i'pwfomi^to 
paste is used to form an electric conductor by baking thereof, and soldering by a lead-free solder penorm 

the electric conductor. 

1 0 A glass substrate having a circuit thereon, wherein the circuit is formed trough «pltafl« £ the electrically con^ 
duS^ as deserved in any one of claims 1 through 9 on a glass substrate, and baking. 



4. 
5- 

10 mol% 

15 
20 



30 



35 



40 



11. An automobile window having an ahtitogfling properly comprfeing ^^^^^^ST^ " 
Ascribed in claim 10 steps of applying the electrically conducive paste on a glass substrate and baking. 



45 



SO 



55 



PAGE 17/52 » RCVD AT 11127/2006 4:35:21 PM [Eastern Standard Time] " SVR:USPTO-EFXP> -5/20 * DNIS:2738300 » CSID:612-455-3801 * DURATION (mnvss):08-12 



11/27/2086 15:14 612-455-3801 



HSML, P.C. 



PAGE 18/52 



EP0974 558 A2 

BEST AVAILABLE COPY 




PAGE 18/52 ' RCVD AT 11127/2006 4:35:21 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-5/20 * DNIS:2738300 * CSID:612455-3801 * DURATION (mm-ss):08-12 



11/27/2086 15:14 



612-455-3801 



HSML, P.C. 



PAGE 19/52 



(19) 



(12) 



BEST AVAILABLE COPY 

— mmyiiBiii 

European Patent Office 

Off.ce europeen des brevets (11) EP 0 974 558 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

19.07.2000 Bulletin 2000/29 

(43) Date of publication A2: 

26.01.2000 Bulletin 2000/04 

(21) Application number: 99114529.3 

(22) Date Of filing: 23.07.1999 



(51) Int. CI. 7 ; C03C 8/16, C03C 17/00, 
C03C 8/02 



(84) Designated Contracting States: 

AT BE CH CYDE DK ES R FR G& GR IE IT LI LU 
MONLPT SE 

Designated Extension States: 
ALLTLVWIKRO St 

(30) Priority: 24.07.1998 JP 22534698 

(71) Applicant: 

Murata Manufacturing Co.i Ltd. 
Nagaokakyo-shi Kyoto-fu 617-8555 (JP) 



(72) Inventor: Sanada, Tomoki 

Nagaokakyo-shi, Kyoto-fu 617-8555 (JP) 

(74) Representative: 

GosseJ, Hans K., OipL-lng. et al 
Lorenz-Seidler-Gossel 
Widenirtayerstrasse M 
80538 Munchen (DE) 



electrically conductive paste and glass substrata having a circuit thereon 



(54) 

(57) A iead-f ree electrically conductive paste wh©i 
can be fired at low temperature and has excellent wetta- 
bility to a solder, as well as a glass substrate having a 
circuit suitable for producing an automobile window hav- 
ing an antifogging property. The electrically conducts 
paste comprises an electrically conductive component, 



glass frit, and a vehicle, wherein B-Bi^O or B-Si-Br-0 
glass frit is used as the glass frit A circuit is formed on 
a glass substrate by use of the electrically conductive 
paste, to thereby provide an automobile window having 
an antifogging property. 
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